INTRODUCTION
The Department of Energy's 2009 Annual Energy Outlook highlights energy growth in the United States. From the report, the future of domestic electric energy growth in the US will increase by 26% for electricity by 2030. This will require additional generation capacity of 259 GW [1] [2] . Wind generation in particular is predicted to increase from 0.8% to 2.5% of total installed capacity by 2030 [1] [2] .
Variable speed operation is preferred to the conventional speed machine to achieve maximum extraction of available wind power. Since speed of wind turbine is variable, the generator should be controlled by the power electronics. There are principally two types of variable speed wind turbine with a basic of power electronics namely DFIG's and PMSG' [10] [11] . There are several challenges and barriers in deploying wind energy with respect to the Power quality and stability issues. There has been some considerable research investigating unexpected issues that high penetration of wind into the power system may cause [3] . Several authors have employed software for the Modeling and Control of DFIG's [3] [4] [5] [6] [7] and PMSG's [2, 8, 14, 22] with controllers of both Machine Side Converter (MSC) and Grid Side Converter (GSC). This paper describes an investigation into a proposed system comprised of a Hybrid ESS-VSWT (HY ESS) for power quality improvement as a function of random wind. It describes a comparison of THD for several cases in the HY ESS based on DFIG's and PMSG's. The Proposed HY ESS-VSWT was simulated by PSCAD/EMTDC under the same conditions: 3 phase voltage sources (20kV, 60Hz) and PSCAD Parameter of the Wind Turbine in the table I. The Configuration of the HYESS-DFIG illustrated in Fig.1 (a) . DFIG is a variable speed wind turbine with a partialscale power converter on the rotor circuit [4] . The main objective of the RSC Controller is to regulate Active Power (Ps) and Reactive Power (Qs) of the stator side independently, whereas the main objective of GSC Controller is to maintain the constant DC Voltage (Vdc) and regulate the reactive Power (Qg) the GSC exchanges with the grid [5] . The Configuration of the HYESS-PMSG is described in the Fig.1-(b) . PMSG is a variable speed wind turbine with a direct-drive generator connected to the grid through a full-scale power converter [2] [8] . Since the converter system decouples independently the generator from the grid, the electrical frequency of the generator may vary as the wind speed changes, while the grid frequency remains constant. The rotor side converter is controlled to keep the DC-link voltage at the reference value by smoothing active power to the grid and also controls reactive power flow to the grid side [3] [4] . Three different ESSs: Battery (B), Super Capacitor (SC), Electrical Dual Layer Capacitor (EDLC) were introduced in the proposed HY-ESS-VSWT system. Each ESS with its controller consists of Bank, Inductance and two-quadrant dc/dc converter connected to the DC link of the VSWT as shown in the Fig.1 . Two-quadrant dc/dc converter contains two Insulated Gate Bi-polar junction Transistors (IGBT's) diode switches (S1 and S2). The HY ESS is discussed in detail in Section III. To compare two different VSWT: DFIG, PMSG, 3 phase voltage sources are employed at 20kV, 60Hz, .
III. VARIABLE SPEED WIND TURBINES AND HY ESS

A. Modeling of the Wind Turbine
Modeling of the Variable Speed Wind Turbines could be done mathematically resorting to the conversion of the wind energy to mechanical energy. A wind turbine extracts kinetic energy (P wind(mech) ) from the swept area (A) of the blades.
The Power in the airflow is given by [6] [10]
The Power transferred to the rotor of wind turbine is given by 
A maximum value of Cp could be defined by the Betz limit, which states that a turbine can never extract more than 59.3%
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of the power from an air stream [4] . In reality, wind turbine rotors have maximum Cp values in the range 25-45% [10] . It is also defined a tip speed ratio ( ), as the = = [10] . Each component was defined as the Table II . 
The equivalent two phase models of the symmetrical variable speed wind turbine (dq frame) using the synchronously rotating reference frame (dq frame) is given by the following [6] [7] [8] 
The stator and rotor flux using the synchronously rotating reference frame (d,q frame) are given as the following [5] [11-13]:
where , : Equivalent resistance of stator and rotor windings.
, , : Self and Mutual inductances of stator and rotor windings, respectively.
Ignoring the power losses in the stator and rotor resistances, the active and reactive powers from the stator are given by
The electromagnetic torque is given by [5] [11-13]:
The Synchronous Model is also expressed in the (d,q) synchronous Park's model and the voltage equations of the PMSG are represented as the following [14] , 
p is the number of pole pairs in the PMSG. Figure 2 shows the PSCAD
C. PSCAD Modeling and Control of Energy storage systems
Modeling of B-ESS, SC-ESS, EDLC-ESS with parameters.
Each ESS has the components of Bank, Inductance and twoquadrant dc/dc converter connected to the DC link of the VSWT. Figure 3 describes 
The inner current control loop using a PI controller of current can be produced the Duty Ratio to generate the gate-signal 
Finally, the gate signal is generated by the comparing the difference between the duty ratio and the carrier frequency. Figure 4 shows the PSCAD Controller of the HY-ESS in the proposed system. [17] , SCESS (middle) [7] , Electrical Double Layer Capacitor ESS (lower) [22] 
Fig.2. Modeling and Parameters of PSCAD/EMTDC: BESS (upper)
D. Energy Flow and THD of HY ESS connected to the VSWT
The proposed HYESS-VSWT system uses DC-DC converters with controller of the ESS as illustrated in Fig.3 and Fig.4 . When Active Power (Pr) of DFIG's and PMSG's in the rotor side is greater than Active Power (Pg) of DFIG and PMSG on the grid side, the ESS charges the energy flow from the DC bus to the ESS Bank through the S1 switch and S2 diode [7] [ [16] [17] [18] .
Table IV. ENERGY FLOW OF THE ENERGY STORAGE SYSTEM
Therefore the ESS bank serves as a sink to absorb active power from the dc voltage of VSWT and also acts as a step down converter, resulting in an increase of the voltage Vess.
The converter now acts as a buck converter. The duty ratio D1 of S1 in the buck mode can be approximately defined by (28) [18] :
When P g is greater than P r the ESS discharges through switch of the S 1 and diode of S 2 , and energy flows to the DC Bus (V dc ) in the system [7] [ [16] [17] [18] . The converter now acts as a boost converter [7] [ [16] [17] [18] . The ESS bank serves as a source to supply active power, which results in the decrease of the voltage V ess . The duty ratio D 2 of S 2 in the boost mode can be approximately expressed as (29) [18] :
Table IV summarizes the Energy flow in the two modes: i.e. Buck-Boost mode. The distortion of the voltage and current waveforms are generally expressed in terms of the fundamental frequency, [21] . Power Injection from the HY ESS based on two different VSWT affects the power quality and result in voltage and current THD. Reference [19] established the practices and requirements for harmonic control in electrical power systems. Reference [20] may also be regarded as a standard for wind turbine measurement and assessment of power quality characteristics of grid connected wind turbines. Figure 5 shows the PSCAD/EMTDC Modeling for the voltage (Vg), current (Ig), and active power (Pg) of the THD measurement at the Point of Common Connection (PCC) in the proposed system. 
IV. Simulation Results
This simulation was carried out to verify the performance of the proposed Hybrid ESS-VSWT by PSCAD/EMTDC in terms of THD. To obtain realistic results, the mean wind speed 10m/s is obtained by the PSCAD/EMTDC with noise components during 60 second, as illustrated in Fig.6 Power Quality could be verified by the THD which was measured at the PCC in the proposed HY ESS -VSWT as shown in Fig.2 . The Data (THD %) of the table V was extracted from Harmonic.out file in PSCAD/EMTDC using by Excel and then taking an average value (THD %) during the 60 second. Figure 7 shows Average THD (%) of only DFIG at the PCC for P, I and V during the 60 second. is the best option to improve power quality in our proposed system for P, V and I respectively, as shown in Fig.8 . 2) In the HYESS-PMSG Table V shows that the average THD of PMSG's is larger compared to HY ESS-PMSG. This result indicated that an ESS reduces THD and hence power quality is improved. SC-E-B ESS would appear to the most effective option in reducing THD in the voltage (3.71%) and current (1.82%) waveforms and active power (1.42%), compared to other options, as illustrated in Fig. 9 and Fig. 10 . From this simulation results, HY ESS in the VSWT has been verified to enhance the power quality improvement by reducing THD. In the case of DFIG's, SC-ESS (2.77%), B-ESS (4.4%) and B-SC ESS (4.43%) would appear to be the best option to improve power quality for active power, voltage and current, respectively. In the case of the PMSG's, SC-E-B ESS would appear to be the best option to reduce THD for voltage (3.71%), current (1.82%) and active power (1.42%). Compared to average active power THD of a DFIG as 3.61% and PMSG as 14.42 % without ESS, PMSG THD has a lower power quality difference value of 10.81 % compared to DFIG THD. This is probably because DFIG's are partially controlled by the back to back converter such as RSC and GSC while PMSG's are directly connected through the back to back converter to the grid and are 100% power rated.(see Fig.2 ) With regard to average THD, the PMSG-B E SC-ESS with 1.4% has the most outstanding performance. In addition, the best option's values of the HYESS-VSWT will satisfy the standard requirements which should be less than 4% for current THD and 5% for voltage THD [30-31].
1) In the HYESS-DFIG
The main contribution of this paper is to emphasize that the simulation of THD specified in reference [19] [20] cannot be met by a single ESS for VSWT.
